The color of urine from rats fed 1,4-dichloro-2-nitrobenzene (DCNB) is a clear yellow than that of urine from control rats. In order to obtain information on the relationship between the yellow color of the urine and its constituents, analyses of the components in the urine from rats fed DCNB were performed by UV, nuclear overhauser effect ( 
INTRODUCTION
1,4-Dichloro-2-nitrobenzene (DCNB), a halogenonitrobenzene, is commonly used in industrial intermediates as an organic dye. A few studies on the metabolism of DCNB have been reported. 1) DCNB is metabolized to glutathione conjugates, resulting in the production of N-acetylcysteine conjugates as the major metabolite. It is well known that mercapturic acid is a conjugate of N-acetylcysteine and is the end product of an important process in the body for the probable detoxication of a variety of potentially harmful electrophilic compounds with the endogenous nucleophile glutathione. [2] [3] [4] Bray et al. have carried out extensive studies of the metabolism of halogenonitrobenzenes in rabbits; the results show that these compounds are biotransformed to mercapturic acids. 5) Recently, the Japan Bioassay Research Center investigated the carcinogenicities on several kinds of halogenonitrobenzenes. DCNB was one of these chemicals, and the color of urine from the rats fed DCNB was a clear yellow than that of the urine from the control rats.
Our research aim to clarify a relationship between yellow color of the urine and exposure of DCNB and give a information of bio-marker to monitor worker's exposure. The structural characteristics of the urinary metabolite in rats remain to be clearly elucidated, including the two chlorine substitutes for it. Analyses of the components of Nacetylcysteine conjugate in urine from the rats fed a diet containing DCNB were performed by, UV, 1 H-NMR and liquid chromatography (LC)-MS/MS.
MATERIALS AND METHODS
Chemicals ---DCNB, HPLC-grade acetonitrile and distilled water were obtained from Wako Pure Chemical Ind. (Osaka, Japan). Animals and Their Maintenance ---Male F344/DuCrj rats were purchased from Charles River Japan, Inc. (Atsugi, Japan). The animals were housed in polycarbonate metabolic cages. Room temperature and the relative humidity were controlled at 23 ± 1°C and 58 ± 8%, respectively. Diet Preparation ---A diet containing DCNB was prepared by mixing DCNB into CRF-1 powdered diet (Oriental Yeast Co., Ltd., Chiba, Japan) in a spiral mixer for 20 min. A group of 3 male rats were fed the diet containing 1.0% DCNB for 2 days. Sample Collection of Urine ---Urine samples were collected from 3 rats fed the DCNB-containing diet in polycarbonate metabolic cages for 24 hr, and then were pooled as one sample. Sample Preparation for UV Analysis of Urine ---The urine from the rats fed DCNB and the urine from the control rats were separately dissolved in distilled water. The UV spectra of these samples were obtained by measurement with a UV spectrometer.
Sample Preparation for 1 H-NMR and LC-MS/MS Analyses of Urine ---
The pH of eight milliliters of urine was adjusted to 1.2-1.3 by adding 2 ml of 10% trifluoroacetic acid. The yellow component was extracted using Oasis HLB columns from Waters Corp. (Milford, U.S.A.), which were pretreated with 3 ml acetonitrile and then 3 ml water. The water in the column was removed by centrifugation (400 g for 10 min), and the yellow component was subsequently eluted by 3 ml acetonitrile. The elute was evaporated under vacuum at 40°C to dryness the residue. The residue dissolved in the mobile phase of LC-MS/MS was used for LC-MS/MS analyses of the DCNB conjugates. Residue dissolved in deuterated methanol was used for 1 H-NMR analyses of the DCNB conjugates. UV and 1 H-NMR Analysis ---UV analysis was performed using a UV-2400PC, Shimadzu (Kyoto, Japan).
1 H-NMR analysis was performed using a DPX 300, Bruker (Karlsruhe, FRG) by the nuclear overhauser effect (NOE) method 6, 7) for the DCNB conjugates LC-MS/MS Analysis ---A prepared sample of urine was analyzed by LC-MS/MS. LC-MS/MS analyses were performed using an HP 1090 from Hewlett-Packard (Waldbronn, FRG) and a TSQ 7000 from Thermo Quest (San Jose, U.S.A.). HPLC was carried out using flow injection at a flow rate of 0.2 ml/min. The mobile phase was methanol-0.02% acetic acid (3 : 2, v/v). The mass spectrometer was operated in the negative ion mode with a potential of 4.5 kV applied to the electrospray needle. Dried nitrogen gas was used as the sheath gas (70 psi) and auxiliary gas (5 units) to assist with nebulization. The capillary temperature was held at 200°C.
RESULTS AND DISCUSSION
It is obvious that the color of urine from the rats fed DCNB is a clear yellow than that of the urine from the control rats. Figure 1 shows the UV spectra obtained for the yellow urine from the rats fed DCNB, and urine from the control rats. The UV spectrum of the yellow urine showed a broad peak at a wavelength of 383 nm. On the other hand, a peak for the urine from the control rats was not observed at this wavelength. This result implies that the major components of yellow urine is the metabolite of DCNB. Booth and Boyland studied glutathion conjugate formation of 1,2-dichloro-4-nitrobenzene, isomeric form of DCNB, by glutathione S-aryltransferase and showed absorption spectrum changes to a longer wavelength.
8) It should be noted that the shift of the longer wavelength of the glutathione conjugate corresponds to the wavelength shift of the urine metabolite of DCNB. Figure 2 shows the NOE spectrum of the metabolite and the chemical structure of proton position. The two NOE peaks observed at the crossing position between H-b, H-c and H-d indicated that the proton H-d is located the near position of proton H-b and H-c. This result suggested that the s-conjugate clorine is located at not 1-position but 4-position of benzene ring. The position of the metabolite shows the presence of three protons, H-a (8.14 ppm; doublet peaks), H-b (7.67 ppm; singlet peak) and Hc (7.66 ppm; doublet peaks), respectively, suggesting hydrogen of the aromatic ring. The characteristics of the proton H-d of N-acetylcysteine suggest two double doublet peaks at 3.27-3.35 ppm and at Fig. 3 . Therefore, the structure of DCNB conjugates in the urine from rats fed the diet containing DCNB was found to be N-acetyl-S- (4- 
Consequently, in view of the conformity of the major constituent (N-acetylcysteine conjugates), when comparing yellow urine and the metabolite, it is thought that the formation of metabolite is attributable to the longer wavelength of the N-acetyl-S-(4-chloro-3-nitrophenyl)-L-cysteine, as compared to the control urine. The analysis of N-acetyl-S-(4-chloro-3-nitrophenyl)-L-cysteine having a broad absorption peak at 383 nm could serve as a biomarker for exposure of workers to DCNB. 
